Introduction
Currently in atomic physics the studies concerning the determination of the characteristics of the doubly excited states such as total energies, the total widths as well as the cross sections of autoionisation are of a great importance. These studies allowed the theorists and the experimenters to highlight the importance of the phenomena of electronic correlation in the doubly excited states of the atomic systems with two electrons. [1] [2] [3] [4] [5] [6] .
Many efforts were deployed in the last few years in the clarification of several theoretical methods for the description of the atomic systems with two electrons; it is still possible to make other studies in this field in order to test new theoretical methods which can contribute to a better understanding of the phenomena of electronic correlations. Within this framework that a new wave function of four special terms of Hylleraas forms type was developed to describe the atomic systems with two doubly excited He atom and He-like ions with Z ≤ 15 [7] [8] .
These kinds of wave functions of special shape are used for the calculation of energy to the ground state and use more terms [9] [10] [11] . They allowed also with the use of the variational method combined with the theory of the interaction of the configurations, to describe in a very satisfactory way some singulets states of the same valence (nl 2 , nlnl' with n ≤ 4) doubly excited of helium and He atom and He-like ions with [12] [13] [14] [15] .
This work constitutes a generalization of the studies to several doubly excited singulets and triplets 
Theory
The calculation of the energy of the fundamental state was an outstanding contribution for quantum mechanics. A method of calculating energies of the fundamental state of helium and the space part associated with the function of wave was proposed by Hylleraas in 1928 . [16] The Hylleraas method was applied successfully by himself in the calculation of the energy of the fundamental state of He atom and He-like ions. To expand this application to calculate the total energy of atomic systems in the doubly excited states 147 must seek new wave functions correlated ( ) 1 2 , r r ψ adapted to the description of those states.
The helium atom and its isoelectronic series are atomic systems with two electrons. By neglecting the relativistic effects (variation of the mass of the electrons with speed, interaction spin-spin, spin-orbit coupling) and magnetic effects (had with the electric currents generated by the orbital movements of the electrons), Hamiltonian associated with the two electrons (1) and (2) with He atom and He-like ions is written in the approximation of the infinitely heavy core (what supposes the motionless core):
This equation can be put in the form:
In the equation (2), H and W respectively indicate the no disturbed Hamiltonian and it is given by the following relations:
and 12 1 W r =
In these equations: Z is the nuclear charge ∆ 1 is the Laplacian with reference to the coordinates of the vector radius r 1 which detect the position of the electron 1.
∆ 2 Laplacian defines the coordinates of the vector radius r 2 which detect the position of the electron 2 and 12 1 2 r r r = − inter-electronic distance. Moreover, the Schrödinger equation applied to He-like systems is then written:
The existence of the term of disturbance (4) then makes impossible the exact resolution of the equation (5) .
It is thus we used the variational method which is one of the techniques of calculation making it possible to provide approximate solutions to the resolution of the equation of Schrödinger applied to the atomic systems with two electrons. It is for this reason one is brought to implement an approximate method of calculating using a function of wave known as correlated Ψ of four terms which is given by: 
and ( ) ( )
C 1 , C 2 , C 3 are fixed parameters for the ground state and in the excited state and the Screening Constant α reflecting the effect exerted by the charges of the electrons on the nuclear charge. Z the nuclear charge.
The normalization constant.
( )
To facilitate the integration of the equation, one transforms the polar into elliptical coordinates and asked: s = (r 1 + r 2 ); t = (r 1 _ r 2 ); u = r 12 [17] . Based on these variable changes, the elementary volume element
is written:
The normalization constant and correlated wave function are reduced to the simple form: 
General expressions of total energies To pass to the eigenvalues, equation (2) gives for the ground state (1) (2) 0 1 1 1
Using the perturbation theory, one finds for the average value of the electron correlation term (2) to the first-order approximation [18] . 
Let us rewrite the result (15) that provides the perturbation theory to the first-order approximation as follows: 
Let us then put
By use of equation (17), (18) can be written in the form
For convenience of language, we will call 1 ε the perturbation coefficient taking into account the electron correlation to the first approximation. Using (14) and (19) , let us write the value of the ground-state energy to the p orders of various approximation as follows:
That means
To a q-order approximation as elevated as possible, let us write (21) in the form
Otherwise, taking into account the fact that,
Using ( 
As expressed, the second term of the right-hand side of equation (26) corresponds to the interaction energy of an electron-hydrogenic atom system of effective charge
While using (28) , the equations (26) and (27) are written respectively ( )
That is to say
As defined by (31), the ( )
-parameter plays the role of Screen Constant assumed to depend on the charge number Z and the number of electrons of the considered atomic system (two electrons in the case of helium isoelectronic sequence). The result (31) gives the expression of the effective nuclear charge Z * to the ground state. This result is generalized to the case of doubly excited states ( )
In equation (33) , the second term of the right-hand side gives the first ionization energy. As the lowest-energy envelope (N = 1) contains the singly excited states series ( )
approaching the first ionization threshold, the total energy of the ( )
.. is expressed as follows:
In this equation, the main quantum numbers N and n and the orbital ℓ and ' ℓ are performed respectively to the internal and external electron-electron, with the condition: n=N, N+1, N+2,…,. s respectively and L is the total spin and total angular momentum of the atomic system of the two π electrons and the parity of the considered quantum state and β is the Screen Constant by Unit Nuclear Charge. [19] [20] [21] [22] 
Results and Discussions
For all calculations, we fixed the value of C 1 = 0.5 and this choice has allowed us to have very good results comparable to other results and this will enable us in future to further reduce the terms of the wave function.
To calculate the energies, we used For Based on the processing of the calculations, energy conversion of 1 a.u. = 2Ry = 27.211385 eV was used. For the calculation of doubly excited states for Helium-like ions, several authors have used different methods. Thus, Ho [3, 23, 31] used the method of complex rotation convoluted with a wave function of Hylleraas type, Dieng [4] used Special Forms of Hylleraas-Type Wave Functions, Ivanov and Safronova [24] performed calculation using double sum method over the complete hydrogen spectrum, Sakho [25] with the Screening Constant by Unit Nuclear Charge method, Lipsky et al. [26] , Ray and P. K. Mukherjee [27] with the time independent variation perturbation theory and Kar and Ho [28] the stabilization method, Drake and Dalgarno [29] the hydrogenic wave function for the continuum, Ho and A. Bathia [3] which have used the complex-coordinate rotation method.
In fact, a comparison is made in states. We note good consistency. In summary, we have calculated the singlet and triplet doubly excited states energies using a new wave function to four terms. We note here generally a satisfactory agreement between the present results and the other available calculations and we find a good agreement. 
Conclusion
The method of Hylleraas was successfully applied by himself in the calculation of the energy of the ground state of helium and its isoelectronic series.
To expand this application to calculate the total energy of atomic systems in the doubly excited states we used a new wave function correlated with four terms adapted to the description of these conditions and using the method of Screen Constant by Unit Nuclear Charge, which has the advantage of leading to very accurate results as was the case in several approximation methods applied to the treatment of the properties of atomic systems with two electrons. [33] [34] It has been demonstrated the possibilities to use the screening constant by unit nuclear charge method in the study of Table  5 -8) . One can notice that, the merit of the Screening Constant by Unit Nuclear Charge method is to give the possibilities to calculate accurate energies for doubly excited states in two electron systems using a variational procedure.
